) were the most likely to accumulate features of insulin resistance syndrome, the univariate risk of ischemic heart disease in this group was not significantly increased compared with normal-weight men (BMI < 25 kg/m 2 ) (RH 1.26, 95% confidence interval [CI] 0.88-1.80). However, obese men who accumulated more than 4 features of insulin resistance syndrome were at increased risk of ischemic heart disease (RH 1.81, 95% CI 1.02-3.19) compared with normal-weight men who had fewer than 3 features of the syndrome. Conversely, having more than 4 features of insulin resistance syndrome was associated with a 3-fold increase in the risk of ischemic heart disease among normal-weight men (RH 3.01, 95% CI 1.70-5.32). Interpretation: Although obesity is an important risk factor for ischemic heart disease, variations in BMI alone poorly reflect the risk of ischemic heart disease associated with features of insulin resistance syndrome.
• †Cut-off points for LDL % <255Å and apolipoprotein B and fasting insulin levels corresponded to the top quartile of the cohort distribution. ‡The C-reactive protein level cut-off point corresponds to that of the high-risk category stated by Pearson and associates. how features of insulin resistance syndrome affected the risk of ischemic heart disease associated with variations in BMI in a cohort of 1824 men who participated in the Québec Cardiovascular Study.
Methods
The study population and follow-up methods have been described in detail elsewhere; 6,7 the method of determining the participants of the present analysis is depicted in Fig. 1 . The study cohort comprised 1824 nondiabetic men free of ischemic heart disease who were evaluated at the 1985 baseline evaluation and followed for a period of 13 years. The presence of diabetes at baseline was determined on the basis of self-report. In 1990/1991 and in 1998, participants were contacted by mail and invited to complete a short questionnaire, which asked for information on smoking habits (> 20 v. ≤ 20 cigarettes per day), medication use (use v. no use of β-blockers or diuretics or both), history of cardiovascular diseases and type 2 diabetes. Among the 1824 eligible men, none was lost to follow-up. Although 28 (1.5%) subjects could not be retraced between 1990 and 1998, their data were kept in the analysis because we had 5-year follow-up information for these participants.
Among the 1824 study participants who were free of clinical manifestations of ischemic heart disease in 1985, there were 284 first cases of ischemic heart disease during the 13-year follow-up. The diagnosis of a first ischemic heart disease event included angina on typical effort, coronary insufficiency, nonfatal myocardial infarction and coronary death, as has been described elsewhere. 7, 8 Coronary insufficiency was diagnosed using the nomenclature of the Framingham Heart Study for unstable angina presentation with electrocardiogram changes (changes in ST segment and T wave).
Twelve-hour fasting blood samples were obtained at the 1985 baseline evaluation, and lipid and apolipoprotein levels were measured immediately. The methods used to determine these levels have been detailed in previous publications. 6, 9 Plasma C-reactive protein levels, 10 fasting insulin concentrations 11 and low-density lipoprotein particle size 6 were measured in plasma stored at -80°C. In the present analyses, low-density lipoprotein particles were characterized using the relative proportion of low-density lipoprotein particles having a diameter smaller than 255Å (termed LDL < 255Å ), which was ascertained by computing the relative area of the densitometric scan on the gel using the 255Å cut-off point. 6 Features of insulin resistance syndrome were defined as outlined in Box 1. Participants were placed in 1 of 3 categories on the basis of BMI according to the 1998 clinical guidelines from the National Institutes of Health: normal weight (BMI < 25 kg/m 2 ), overweight (25-29.9 kg/m 2 ) and obese (≥ 30 kg/m 2 ). 13 Baseline characteristics of the normal-weight, overweight and obese men Data collected in 1985 were used as the baseline characteristics for the present prospective study. Volunteers were men who asked to be part of the original study but were not selected among the randomly identified participants. ECG = electrocardiogram, IHD = ischemic heart disease. 4635 were compared using a general linear model with the Duncan posthoc test to locate differences between the groups and by the Wilcoxon test for nonparametric variables. Duration of follow-up was calculated in person-years using the follow-up of each participant from the 1985 baseline evaluation until death, onset of ischemic heart disease or last contact. Cox proportional hazards models were used to estimate the relative hazard of ischemic heart disease events associated with the 3 BMI categories, individual and combined insulin resistance syndrome features, and confounding factors such as age, smoking habits and medication use at baseline. For each risk factor, assumptions of proportional hazards were tested and met. Estimated hazards of ischemic heart disease events were also estimated in normal-weight, overweight and obese participants having 2 or less, 3-4 or 5-7 features of insulin resistance syndrome. Adjustment for socioeconomic status using various standard approaches had no impact on the results (analysis not shown), and thus multivariate analyses did not include this covariable.
Results
As expected, obese men had in general a higher risk profile compared with overweight and normal-weight men (Table 1) . Indeed, 75.5% of obese men accumulated more than 2 features of insulin resistance syndrome. However, almost one-third (28.8%) of normal-weight men also accumulated more than 2 features of the syndrome.
The risk of ischemic heart disease among overweight and obese men was computed using normal-weight men as the low-risk reference group. Despite having a deteriorated risk profile, overweight men were not at increased longterm risk of ischemic heart disease compared with normalweight men (RH 0.99, 95% confidence interval [CI] 0.76-1.28) after adjustment for nonmetabolic risk factors (age, systolic blood pressure, smoking habits and medication use at baseline). Obese men showed a slightly increased risk of ischemic heart disease compared with normal-weight men, but the difference did not achieve significance in either univariate (RH 1.26, 95% CI 0.88-1.80) or multivariate (RH 1.12, 95% CI 0.78-1.62) analyses (analyses not shown).
Analyses of individual features of insulin resistance syndrome revealed that only high blood pressure (≥ 135/85 mm Hg) and high apolipoprotein B levels (≥ 1.36 g/L) were independently associated with an increased risk of ischemic heart disease (RH 1.32, 95% CI 1.03-1.70 and RH 1.72, 95% CI 1.32-2.24 respectively) ( Table 2) . However, the cumulative number of features modulated the risk of ischemic heart disease in an almost linear fashion (Table 3) . Thus, the predicted risk of ischemic heart disease among subjects with several features of insulin resistance syndrome appeared greater than what would be expected on the basis of the individual nonsignificant contribution of most risk factors. Table 4 shows the combined impact of BMI and the cumulative number of insulin resistance syndrome features on the risk of ischemic heart disease. The reference group for Obesity and ischemic heart disease . Finally, the presence of more than 4 features of insulin resistance syndrome in obese men was associated with an almost 2-fold increase in risk (RH 1.81, 95% CI 1.02-3.19) . There was no interaction between number of syndrome features and BMI categories (p = 0.68) in modulating the long-term risk of ischemic heart disease. We performed additional analyses using only hard endpoints (i.e., nonfatal myocardial infarction and death from coronary artery disease [N = 187]), and the results were virtually identical (analyses not shown).
Interpretation
The results of this prospective population-based study indicate that the risk of ischemic heart disease associated with a high BMI depended entirely on whether features of insulin resistance syndrome were simultaneously present. Thus, although obese men were more susceptible to developing features of the syndrome, their risk of ischemic heart disease was elevated only when more than 4 of the 7 features were present. Interestingly, the risk of ischemic heart disease among normal-weight men was also increased in the subgroup displaying more than 4 of the 7 syndrome features.
Increased body weight and BMI have been associated with an increased risk of ischemic heart disease in several populations, but this has not been a consistent finding. The authors of the Framingham Offspring Study reported an approximate 2-fold increase in the 10-year risk of coronary artery disease in subjects with a BMI of 30 kg/m 2 or more compared with those with a BMI less than 21 kg/m 2 after adjustment for age.
14 On the other hand, the results of the Prospective Cardiovascular Munster Study indicated that BMI did not independently contribute to cardiovascular risk in multiple logistic regression analysis. 15 Stevens and associates suggested that, among men aged 30-74 years, higher body weight increased the risk of death from cardiovascular disease over a 12-year period among subjects aged 44 years or less but not among men older than 65 years. 16 Because our cohort included only men 6-76 years of age, the high-risk age group (30-44 years) in the study by Stevens and associates was absent from our study, which may explain why the association between increased BMI was not significantly associated with an increased risk of ischemic heart disease in our study. The National Cholesterol Education Program Adult Treatment Panel III (NCEP III) has recently recognized the metabolic syndrome as an important risk factor for ischemic heart disease among both men and women. 17 It has been estimated, on the basis of results of the Third National Health and Nutrition Examination Survey, that more than 1 in 5 adults in the United States have the metabolic syndrome, 17 with almost a doubling of this prevalence (43%) among people older than 60 years. 17 Our study results show that the risk of ischemic heart disease increased as a function of the cumulative number of insulin resistance syndrome features, with 3 or more metabolic features resulting in a 2-4-fold increase in the risk of ischemic heart disease. These results are consistent with data from previous studies that suggested that the prevalence of unstable angina pectoris and history of myocardial infarction were highest among patients with 5 insulin resistance syndrome features as defined by the NCEP III. 18 The results of our study suggest that the risk attributable to obesity largely depends on the concomitant presence of features of insulin resistance syndrome. Thus, among obese men, who would generally be considered to be at high risk of ischemic heart disease, those who accumulated fewer than 5 features of the syndrome were not at increased risk. This subgroup represented 71.9% of all obese men. Conversely, normal-weight men with 5 or more features of insulin resistance syndrome had a risk of ischemic heart disease 3.01 times higher than of those presenting with fewer than 3 features. About 6% of all normal-weight men had 5 or more features of insulin resistance syndrome. These results confirm that insulin resistance syndrome is more prevalent among obese men. Yet, BMI appears to be a poor atherogenic index for characterizing the risk of ischemic heart disease associated with insulin resistance syndrome. We therefore believe that clinicians should not use BMI to assess the long-term risk of ischemic heart disease attributable to obesity. Other measures of adiposity, such as waist circumference, which reflects total adiposity by regional deposition of fat as well, may be a more useful and adequate clinical tool for predicting risk of ischemic heart disease. In that regard, Janssen and associates have demonstrated that, after adjustment for waist circumference as a continuous variable, the likelihood of insulin resistance syndrome was similar in all BMI groups. 19 Future studies will have to demonstrate that a combination of risk factors, and more particularly a combination of insulin resistance syndrome features and indices of obesity such as waist girth, has a greater clinical utility.
There were a number of limitations to our study. Unfortunately, we could not use the NCEP III definition of the metabolic syndrome in our cohort because data on waist girth and fasting plasma glucose levels were not collected in the study cohort in 1985. Our intent was not to propose a new definition of the metabolic syndrome but, rather, to examine how specific features of this syndrome modify the risk of ischemic heart disease attributable to variations in BMI. Physical activity was not assessed as thoroughly in 1985, and thus the extent to which adjustment for physical activity would have modified the interrelation between BMI, features of insulin resistance syndrome and risk of ischemic heart disease could not be analyzed. Our 1985 data on diet are also fragmentary, and thus they were not added to the multivariate. Finally, it must be stressed that much of the medical history (e.g., diabetes, medication use) was by self-report and was not further validated.
Our results indicate that the risk of ischemic heart disease associated with an elevated BMI was significantly modulated by features of insulin resistance syndrome. These data challenge the concept that the clinical definition of obesity, based on weight and height, is adequate as a clinical tool for the primary prevention of ischemic heart disease. Alternative measures such as waist circumference should be considered and thoroughly investigated.
